The tumor-suppressor protein p53 belongs to a small gene family that includes p63 and p73. While p53 and p73 regulate cell cycle progression and apoptosis, the major role of p63 appears to be in promoting ectodermal proliferation and differentiation. In this report we describe the cloning of a Xenopus orthologue of mammalian p63 that is extraordinarily conserved in sequence. The major sites of expression of Xenopus p63 mRNA are the epidermis and some neural crest and crest derivatives such as the branchial arches and tail ®n. Expression is also observed in the neural plate and in the stomodeal±hypophyseal anlage. Antibodies against p63 detect a nuclear protein that is distributed in a manner similar to that of Xp63 mRNA. Both mRNA and protein are conspicuously absent from regions of the epidermal sensorial layer that are induced to form a number of (but not all) ectodermal placodes and Xp63 protein levels are particularly dynamic in the epidermis of the eye as the lens forms. q
Results
Expression of mutant forms of p53 in developing Xenopus embryos blocks differentiation and results in the formation of large blastomas (Wallingford et al., 1997; Wallingford, 1999) . The cells in such tumors proliferate at approximately normal rates but do not undergo normal morphogenetic movements and remain as conspicuous sub-epidermal cell masses long after the mRNA that initially blocked their differentiation has degraded.
In order to explore the role of p53 gene family members (Lohrum and Vousden, 2000) in the differentiation pathway uncovered by expression of mutant-p53 we initiated a screen to search for additional family members that are expressed in the early stages of Xenopus development. A single p63 clone was identi®ed in a small scale screen of a Xenopus late tailbud cDNA library and named Xp63. Xp63 encodes a short isoform of p63 similar to mammalian DNp63g (Yang et al., 1998) and p40 (Trink et al., 1998) . Over the ®rst 346 amino acids the frog protein differs from human p63 at only 24 residues (93% identity) and the majority of these substitutions are conservative (Fig. 1) . It does not contain any of the carboxyl extensions observed in the mammalian a and b isoforms (Schmale and Bamberger, 1997; Yang et al., 1998) .
Temporal and spatial expression of Xp63 mRNA was examined using wholemount in situ hybridization (Fig.  2) . This technique ®rst detects expression in early neurulae, but transcripts can be detected in maternal RNA via RT-PCR (data not shown). By mid-neurula stages the epidermis is strongly stained and contrasts vividly with the nonXp63 expressing neural plate in wholemounts. Epidermal expression is restricted to the sensorial layer (see below). Although the neural plate in general does not express Xp63 two medial rows of unidenti®ed cells that extend anteriorly to the presumptive forebrain region are Xp63 positive ( Fig.  2A,B) . There is also a crescent of expression at the anterior-most end of the neural plate (blue arrow, Fig. 2B ). This expression lies below the epidermal layer and probably corresponds to the stomodeal-hypophyseal anlage and possibly the nasal primordia. Within the epidermis staining is very even with the exception of an arc ventral to the presumptive hindbrain region of the neural plate which is devoid of Xp63 RNA (red arrow, Fig. 2E,I ). This region overlies the future branchial arches and will be referred to as the branchial ectoderm. It may correspond to the branchial placode. By stage 20 Xp63 RNA is detected in some of the forming cranial neural crest, in addition to continued expression in the stomodeal-hypophyseal anlage and in most of the epidermis. Within the cranial crest expression of Xp63 is observed in the mandibular and branchial crest ( Fig. 2J ), but is clearly absent from the hyoid crest. The hyoid crest lies directly below the branchial ectodermal region that also fails to express Xp63 RNA. At stage 24 expression of Xp63 in the head resembles that of many other genes expressed in the cranial neural crest except for the continued absence of expression within the hyoid crest stream. The branchial ectoderm remains Xp63 negative at this time (Fig. 2I) . In late tailbud and early tadpole stages the two major sites of expression are neural crest derived branchial arches and the mesenchyme of the tail ®n, which is derived from more posterior neural crest.
Given the extraordinary conservation of p63 between mammals and amphibians it seemed likely that antibodies raised against the murine protein would detect Xp63. Monoclonal antibody 4A4 was generated against a bacterially produced fusion protein containing the ®rst 205 amino acids of mammalian DNp63 (Yang et al., 1998) . This antibody detects a single protein on Western blots containing Xenopus embryo extracts that is identical in size to the protein produced in Xp63 mRNA injected embryos (data not shown). Wholemount immunohistochemistry with 4A4 detects a nuclear protein whose distribution is very similar to that of Xp63 mRNA, with the major sites of immunoreactivity being in the epidermis and the tail ®n (Fig. 2) . Antibody 4A4 also detects protein expressed evenly throughout the epidermis with the exception of the ectoderm of the future branchial, lens and nasal placodes. Within the epidermis Xp63 protein was localized by using 4A4 immuno¯uorescence with a Cy5 conjugated secondary antibody. Tissue boundaries were detected using auto¯uor-escence in the rhodamine channel, and total nuclei using propidium iodide (Fig. 3) . Xp63 protein is clearly localized to the sensorial layer of the epidermis. As with Xp63 RNA, 4A4 immunoreactivity is also present within the stomodealhypophyseal anlage and absent from the cement gland. In later stages 4A4 immunoreactivity remains particularly high in majority of the epidermis, but consistent with the distribution of Xp63 RNA, is never expressed in the branchial ectoderm.
The sensorial layer of the eye epidermis evenly expresses Xp63 protein up until stage 30, at which time expression decreases as the lens placode forms (Fig. 4) . As the sensorial ectoderm thickens to form the lens primordia (Nieuwkoop and Faber, 1994) Xp63 expression is extinguished. As lens precurors are internalized the sensorial ectoderm stretches back over the surface of the eye and p63 expression is reestablished. Xp63 protein is also absent from other forming ectodermal placodes such as the dorso-lateral and olfactory placodes. In contrast to the downregulation of Xp63 observed in some ectodermal placodes, expression is not suppressed within the otic placodes. 
Materials and methods

cDNA cloning
A full length human p73a cDNA (Kaghad et al., 1997) was used to screen a Xenopus stage 28 head cDNA library (Hemmati-Brivanlou et al., 1991) under moderately stringent conditions. Hybridizations were performed in 40% formamide, 0.9 M NaCl at 428C, and washes performed in 0.3 M NaCl at 558C. The one positive clone was puri®ed and in vivo excised to generate Xp63. Both strands of the cDNA insert were fully sequenced (Genbank accession number: AF314148).
Expression analysis
In situ hybridizations were performed as described by Harland (1991) , and immunohistochemistry using antibody 4A4 (Yang et al., 1998) performed as described by Klymkowski and Hanken (1991) . For in situ hybridizations pXp63 was digested with NotI and transcribed with T7 RNA polymerase to generate antisense probes. Alkaline- phosphatase coupled secondary antibodies and BCIP/NBT were used to detect localized 4A4. Westerns were performed according to the protocols of Harlow and Lane (1988) . 
